Temperature, acidity, light conditions, total dissolved salts, conductivity, dissolved oxygen, submerged macrophytes and shade and sun path directions were measured at 23 sites along the River Nile banks with Acacia nilotica growing at water's edge around the First Cataract Conservation Islands. Ceratophyllum demersum and Potamogeton crispus were common in the shaded and unshaded zones, Myriophyllum spicatum and Vallisneria spiralis were found only in the unshaded zone and Azolla filiculoides only in the shaded zone. Banks of the sites surveyed were oriented to five directions (NW, SE, NE, SW, N). There is a significant difference in both the type and density of submerged plants growing under the shade of riparian trees (Acacia nilotica) as compared to unshaded areas. Water column irradiance is the most influential variable dictating the distribution of submerged plants. The area of the shade provided by riparian trees was affected by environmental and/or plant variables. Environmental variables comprised the daily course of the exposition to sun; and plant variables included the area of the tree crown, the height of the tree and geographical position of the tree in relation to sun exposition. Trees on the west bank of the islands at the SW-NE direction have the highest shading effect. The management of tree vegetation might control incoming solar radiation affecting submerged macrophytes.
Introduction
Aquatic macrophytes provide food, shelter, and substrate for a variety of organisms in aquatic systems (ALI et al. 2007 ). However, when aquatic plants grow in undesired abundance they tend to become troublesome aquatic weeds and cause severe aquatic environ-with the problem of losing habitat due to deposition, the disappearance of aquatic plant communities and the merging of islands. They may need to manage excessive plant growth to maintain and conserve habitat quality and therefore the unique flora around the islands.
According to the Bioclimatic Map of the Mediterranean Zone (1963) , the study area is in a true desert climate. The rainfall of this area is not only scanty, but also extremely irregular and variable (KASSAS 1955) . The First Cataract Islands are characterised by shallow water of low current velocity and support rich floristic diversity (ALI et al. 1999) . The study area supports abundant growth of submerged macrophyte communities, dominated by Ceratophyllum demersum L. and Potamogeton crispus L. (SPRINGUEL 1981 , ALI et al. 1999 . Conservation area of the First Cataract Islands exhibits the lowest eutrophication level and alkalinity of all localities in the Nile (ALI et al. 1999) . ALI et al. (1995) provided evidence of the significant relation between plant community composition and structure, and hydrosoil texture (mainly sandy loam) that is strongly associated with water level regime. Their results revealed a sediment-related effect of water level regime on submerged plant community. The important environmental factors are concentrations of hydrosoil calcium, magnesium, organic matter and nitrate (ALI et al. 1995) .
Aquatic macrophyte control methods (MURPHY 1988a, b; PIETERSE and MURPHY 1990; JADHAV et al. 2008; PALMER et al. 2010 ) provide studies of aquatic macrophyte abundance and growth (SPENCE 1981 , SMART and BARKO 1986 , SAND-JENSEN and MADSEN 1991 , SCHWARZ et al. 1996 , MIDDELBOE and MARKAGER 1997 , BINZER and SAND-JENSEN 2002 , RAEDER et al. 2010 . These authors identified light as a primary factor limiting growth. Moreover, the reduction of light has been considered as a technique for the limitation of excess growth of aquatic macrophytes (DAWSON and KERN-HANSEN 1979 , DAWSON 1978 , DAWSON and HASLAM 1983 , DAWSON 1981 , BUNN et al. 1998 . A vinyl-coated fiberglass screen with a mesh size of 64 apertures cm -2 (Aquascreen Menadri-Southern Corp.commercial product) provided effective control of weeds when applied on the bottom (MAYER 1978 , PERKINS et al. 1980 , NICHOLS and SHAW 1993 . When applied on the surface, there are negative effects of artificial shading application; water could become stagnant and depleted of oxygen. Alternatively, riparian vegetation, if planned correctly, can provide valuable habitat for wildlife and erosion protection for the bank. In addition, it affects water temperatures by decreasing the warming of water (SCOTTISH ENVIRONMENT PROTECTION AGENCY 2009 ).
This study was aimed to examine the effect of shade produced by riparian trees on submerged aquatic macrophytes growing in the River Nile at the First Cataract Conservation Islands, in Upper Egypt. The analysis of the effects of riparian woody vegetation consisting of Acacia nilotica trees on submerged plant communities, might contribute to the optimisation of their potential for wildlife in the river corridor.
Materials and methods

Sampling regime
In total, 23 sites were randomly selected along the River Nile banks around the First Cataract Islands, namely: Ghazal Island (3 sites), Saluga Island (5 sites), Awad Island (2 sites), Basma Island (3 sites), Seheil Island (9 sites) and one site Barbar at the west bank of the Nile (Fig. 1) . All sites selected are colonized by Acacia nilotica growing on the edge of the islands. The survey was made in spring (April to June 2008). The canopies of A. nilotica trees have various shapes and heights above the water, as well as of different orientations to the sun. Data on environmental variables, aquatic macrophytes and A. nilotica trees were collected from each site.
Aquatic plants sampling
At each site, samples were collected in the morning from 9:00 to 11:00 am, along fixed transects, positioned rectangular to the shore. A transect extended from shore water edge to cover both zones, shaded and unshaded, at each A. nilotica tree. Each sampling site was divided into two sampling zones, the tree-shaded zone and the unshaded zone. At each zone, submerged plant communities were assessed using the grapnel method to collect relative standing crop samples (five grapnel-hauls per sampling zone). Dry weight standing crop (DWSC) of each species per grapnel haul was determined after air-drying (ambient temperature 45 C) for a week. This method gives good comparative values of abundance, but does not estimate absolute standing crop per unit area of substrate (MURPHY and EATON 1983) .
Environmental variables
Water samples were collected to get indications of conditions at each site. Seven physico-chemical parameters, namely water depth; temperature and pH (using a Jenway 3070 portable pH meter); total dissolved salts and electric conductivity (using Engineered System Device model 76) and dissolved oxygen (Winkler's method; APHA 1985), were measured in situ between 09:00 and 11:00 am. Underwater light attenuation was measured using a twin-sensor Skye PAR meter, model SKP 200 with SKP 215 sensors, and light extinction coefficient, a measure of turbidity (MOSS 1988) , was calculated using the Beer--Lambert Equation:
where Io = subsurface PAR, I = PAR at depth (d). This equation concerns the exponential decline of light intensity with depth (ARMENGOL et al. 2003) . These readings were also used to calculate the depth of the euphotic zone (Zeu) (Zeu = 3.51 / k). The water column irradiance encountered by the submerged plants is the ratio between the euphotic zone depth and the maximum depth (Zmax) (ABERNETHY 1994). In addition, diurnal sun path direction was estimated in situ by determining the opposite direction of tree shade using a Brunton's compass. The direction of each site surveyed and shaded by A. nilotica trees was estimated, using a Google map, by drawing a tangent on the bank at each site and at the waterside.
Data analysis
Similarity percentages (SIMPER) were calculated to determine which species contribute most to the observed similarity between the sampling sites surveyed using Community Analysis Package version 4. Kruskal-Wallis H-test was carried out to measure the difference in mean of the total DWSC among the various direction groups in shaded and unshaded sampling sites, using WinSTAT for Excel software (FITCH 2009 ). This a non-parametric 'analysis of variance' test, which is similar to a one-factor analysis of variance, in that the values for a given dependent variable are placed into, groups according to a given independent variable. Kruskal-Wallis test is applicable to fully randomised designs and can accept groups of unequal size (WARDLAW 1997) .
Canonical correspondence analysis (CCA) was carried out using CANOCO for Windows version 4.5 (TER BRAAK and SMILAUER 1998) to explain the relationship between aquatic macrophytes and sampling sites in the light of the measured water variables. The critical value for water column irradiance (Zeu/Zmax) indicates whether light condition is suitable for net macrophyte production was used as useful variable of assessing the role of light in stimulating growth of macrophytes. Total dissolved salts reflect the range of total ions; therefore, it was retained in preference to conductivity. Direction of the site bank was dealt with as multiple regression (MONTGOMERY and PECK 1982) and represented by five dummy (nominal) variables »NW«, »SE«, »NE«, »SW«, »W«, and »N«.
Results
Aquatic macrophytes
In the water zone shaded by Acacia nilotica trees, only three submerged macrophytes of low dry weight standing crop (DWSC) varied between 0.02 and 3.24 g sample -1
, mean 0.36 g sample -1
, SE 0.17) were recorded in seven sites only; the rest of the sites had no submerged macrophytes (Fig. 2) . Ceratophyllum demersum dominated four sites (Ghazal Island (Gh1), Basma Island (Ba5, Ba6) and Barbar Island (Br9)) with DWSC ranged between 0.02 and 2.22 g sample -1 (mean 0.18 g sample -1
, SE 0.1); Potamogeton crispus was only found in two sites in Seheil Island (Se20; DWSC 1.11 g sample -1 and Se21; DWSC 0.68 g sample -1
) and Azolla filiculoides dominated Gh3 in Ghazal Island with DWSC 2.4 g sample -1 (Fig. 2 ).
On the other hand, the unshaded water zone contained more biomass (DWSC varied from 4.4 to 72.1 g sample -1
,mean 29.8 g sample -1 , SE 3.9) and more species of (four species) submerged macrophytes (Fig. 3) . Ceratophyllum demersum was noticed in all sites and was the dominant in 20 sites (DWSC varied from 1.9 to 72.1 g sample -1
,mean 22.1 g sample -1
, SE 3.9); Myriophyllum spicatum L. was the dominant in Barbar Island (Br9; DWSC 54.6 g sample -1
) and was recorded in another six sites (Awad Island (Aw7), Saluga Island (Sa10 and Sa14) and Seheil Island (Se18 and Se19)) with DWSC that ranged between 0.9 and 18.6 g sample -1 (mean 3.4 g sample -1
, SE 2.4); and P. crispus was found in six sites (Basma Island Ba5, Seheil Island Se15-Se19) with DWSC that varied between 1.6 and 13.2 g sample -1 and dominated two sites in Seheil Island (Se20 and Se21) with DWSC 13.6 and 16.6 g sample -1 (mean 4.1 g sample -1
, SE 1.3), respectively. Also, Vallisneria spiralis was recorded in Basma Island (Ba5) and Seheil Island (Se22 and Se 23) having DWSC 1.5, 1.9 and 1.7 g sample -1
, respectively (Fig. 3) . Comparing aquatic macrophytes in the two zones, C. demersum and P. crispus were in common, M. spicatum and V. spiralis were found only in the unshaded zone and A. filiculoides was only noticed in the shade zone.
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Environmental variables
At the sampling dates water variables varied slightly between sites (pH ranged between 7.58 and 7.73 (mean 7.7, SE 0.007); temperature fluctuated between 19.3 and 21.0 C (mean 20.35, SE 0.097); conductivity varied from 228 to 286 mS cm -1 (mean 258.78, SE 3.96); and total dissolved salts ranged between 263 and 280 mg L -1 (mean 273.7, SE 0.65). However, the rest of the variables varied considerably. Dissolved oxygen ranged from 0.96 to 4.08 mg L -1 (mean 2.1, SE 0.204). Water column irradiance varied between 0.26 and 2.03 (mean 0.94, SE 0.096) in shaded zones and fluctuated from 0.35 and 2.34 (mean 1.17, SE 0.113) in unshaded zones. If Zeu equals Zmax, then the macrophytes are constantly illuminated and photosynthesis is continuous during the daylight period. If the maximum depth is greater than the depth of the eutrophic zone then the macrophytes spend a proportion of their daylight period in the dark. Water depth ranged between 1.2 to 6.5 m (mean 2.92 m, SE 0.3) in shaded zones and from 1.5 to 6.5 m (mean 3.26 m, SE 0.3) in unshaded zones, Water depth was the same in both zones in sites Ba5, Ba6, Aw8, Sa10, Sa14, Se17, Se19, Se18 and Se22.
During the period of the study (April -June) the shadow-sun path direction was running southeast -northwest with an angle that was 100°in April, 120°in May and 160°in June. Banks of the sites surveyed were of five directions; namely NW (Gh3, Ba4, Ba5, Ba6, Sa13, Se15, Se17, and Se18), SE (Gh1, Gh2, Aw7, Br9, and Se16), NE (Se20 and Se22), SW (Aw8 and Se23), W (Se19 and Se21), and N (Sa10, Sa11, Sa12 and Sa14).
The SIMPER analysis identifies those species, which contribute the most to the similarity between samples (Tab. 1). The SIMPER analysis indicates that C. demersum and P. crispus are the commonest species in the sites surveyed. Their abundance explains 99% of the similarity between the sampling sites. C. demersum contributes 90% to the similarity between the sampling sites, while P. crispus only contributes 9.2 % in both shade and unshaded water zones.
Kruskal-Wallis test indicated no significant differences between the five direction groups using total DWSC of macrophytes collected from the shaded zones (H-value = 3.617, and P = 0.606). However, differences were very significant between direction groups and total DWSC of macrophytes collected from the unshaded zones (H-value = 13.465, P = 0.019). CANOCO programme encountered only vegetated sampling sites (30 sites) into CCA, while sites without macrophytes (16 sites from the shaded zone) were not included in the analysis. The environmental variables considered in the CCA explained only 38.5 % of the total plant distribution and the species-environmental biplot explained 86.2 % of the total variation contained in the first two axes. The CCA ordination diagram (Fig. 4) indicates that water column irradiance is the most influential variable dictating the distribution of submerged macrophytes in the First Cataract Islands, while dissolved oxygen (DO) is of least importance. The CCA diagram indicates that sites from either shaded or unshaded zones that have high water column irradiance, i.e. of low water depth and high eutrophic 252 ACTA BOT. CROAT. 70 (2) light values (Zeu/Zmax ratio > 1) are characterised by P. crispus (e.g. Se19u, Se20s, Se21s, Se20u, Seu21u) and those of lower water column irradiance (i.e. of high water depth and low eutrophic light values) are characterised by C. demersum and/or M. spicatum (e.g. Ba5s, Ba5u, B6s, Ba6u, Ch1s, Gh1u, Br9s, Br9u). Sites with P. crispus are of NE and W and have the highest pH and low dissolved oxygen values. C. demersum, situated in the middle of the diagram, is the most common species in both shaded and unshaded sites. These sites are mainly located on banks facing the NW direction. This is indicated by the position of the nominal variable NW, which is also, situated close to the centre of the programme close to C. demersum point. These sites were characterised by moderate values of all the environmental variables measured. The CCA diagram showed that sites of SE direction (right bottom) were distinguished by having M. spicatum. These sites were differentiated by having low water column irradiance and high temperature (T) and dissolved oxygen (DO). V. spiralis was found in sites from the unshaded zones of NW and SW directions and of low water dissolved oxygen and temperature, but of high water electrical conductivity (EC). A. filiculoides was only recorded in one sampling site (Gh3), which was of NW direction and characterised by the highest light extinction coefficient (i.e. lowest transparency), temperature and dissolved oxygen.
Discussion
Several studies have reported the beneficial functions of trees on the edges of water bodies such as thermal buffering, provision of shade, nutrient interception, storage and release enhancement of bank stability, provision of habitat and food for terrestrial and aquatic species and improving sediment regimes (BUNN et al. 1999 , PUSEY and ARTHINGTON 2003 , HUDSON and HARDING 2004 , SØVIK and SYVERSEN 2008 . Riparian zones represent areas of strong biological, physical and chemical interaction between terrestrial and aquatic ecosystems. Habitat structure is more diverse in sites where natural riparian vegetation is present (BELTRÃO et al. 2009 ). Water shaded by riparian trees is cooler and contains more dissolved oxygen; roots of riparian vegetation provide spawning sites for fish and the associated invertebrates are a significant food resource for them (HARPER et al. 1995) ; however, too dense a tree cover completely eliminates submerged macrophytes and hence other aquatic biota associated with them. Similarly, in the present study CCA indicates that site banks facing the NW direction (e.g. Gh3, Ba5, Ba6, Sa13), the opposite direction to sun path (SE) that characterised by low water column irradiance, have the lowest water temperature and high dissolved oxygen. Most of the shaded zones (five out of eight) in sites of NW direction, opposite direction to the sun path (SE), have no vegetation (e.g. Ba4s, Sa13s, Se15s, Se17s, and Se18s). Surveys of natural shading by riparian trees have shown significant effects on aquatic plants (YOUNG et al. 2000) . Too much shading results in a suppression of submerged vegetation that is of vital importance to many aquatic biota (e.g. juvenile fish, invertebrates, algae). The Scottish Environment Protection Agency (2009) indicated that the use of shaded and unshaded sections of banks depresses or eliminates aquatic plant growth in the shaded sections and encourages plant growth in the unshaded sections. Similarly, in the present study, aquatic plants growth was depressed or plants were absent in shaded zones, but they were abundant in unshaded zones. There was a significant difference in both the type and density between submerged plants growing shaded and unshaded by riparian trees (Acacia nilotica). M. spicatum and V. spiralis were only found in the un-shaded zones. We found Ceratophyllum demersum dominating in both shaded and unshaded zones. It has been previously published (GUPTA and CHANDRA 1996) , that the growth rate of this species is attributed to an adequate CO 2 level and the tolerance to low light intensity. In the present study, CCA triplot suggested that site banks of SE directions that facing the sun path are of low water column irradiance, which was due to deep water characterising them. These deep-water sites are dominated by C. demersum or M. spicatum. Similarly, JOHNSON and OSTROFSKY (2004) found that C. demersum was the most frequently encountered species at all depths with highest relative importance in the deeper sites. The findings of the present study also agree with those of KAUTSKY (1988) who pointed to the high ability of C. demersum to grow in adverse condition and stated that C. demersum is abundant in all sites where other aquatic species are rarely present. Ceratophyllum demersum has a suitable morphology for light interception and longevity (GRIME 1979) . These results suggest that C. demersum and M. spicatum are stress-tolerant, which are in line with other researches (FRANK 1975 , SEGRETAIN 1996 .
Water variables varied slightly between sites, which could be attributed to the physical conditions in the River Nile at the First Cataract Conservation Islands, as well as the fixed sampling time (between 9:00 -11:00 am). Rate of oxygen released by submerged macrophytes are enhanced by light (SAND-JENSEN et al. 1982 , CARPENTER et al. 1983 ). This may explain high dissolved oxygen values recorded in sites associated with macrophyte DWSC (e.g. at Ba6 DWSC is 72.1 g sample -1
). In these sites, euphotic depth (Zeu) almost equals the maximum depth (Zmax), which allows constantly illumination and continuous photosynthesis of submerged macrophytes during the daylight period. High light intensity promotes growth of submerged macrophytes and allows higher photosynthetic rate, converting CO 2 to O 2 (KITAYA et al. 2003) . Sites having high macrophyte DWSC are dominated by C. demersum, which is well known as oxygen generator (HAN and RUNDQUIST 2003) .
We can conclude that sites of various light intensities supported vegetation of different composition and abundance. In the present study, riparian Acacia nilotica trees provided natural shading limiting the growth of submerged aquatic plants, otherwise difficult to manage. The type and height of tree required for shade is dependent on the width and the cross-section of the water body (DAWSON 1978 , WILLIAMSON et al. 1990 ). In the present study, the area of shade provided by a riparian tree is affected by environmental and/or plant variables. In addition to the width and the cross-section of the water body, environmental variables comprise daily earth rotation around its axis and seasonal variation in the angle between the Earth's axis and the Sun-Earth path; and plant variables that include the projected area of the tree-crown, height and geographical position of the tree in relation to the Sun-Earth path. The present study indicated that highest shade effect of riparian trees could be achieved by planting trees on the west bank of the islands at the Southwest-Northeast direction, which perpendicularly obstructs the sun path that runs Southeast-Northwest.
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